Patients and methods

Study design and objectives
This retrospective study was conducted at the Ishikawa Prefectural Central Hospital, a tertiary referral center in Japan. In accordance with the Declaration of Helsinki, the institutional review board of Ishikawa Prefectural Central Hospital approved this study.
Early GCs that were treated by endoscopic submucosal dissection (ESD) or surgery in our hospital were included in this study. Exclusion criteria were as follows: 1) histological diagnosis made in other hospitals; 2) details of biopsy unknown (e. g. the order of biopsies); and 3) intentional biopsy from only the surrounding non-cancerous mucosa (i. e. mapping biopsy). To investigate the optimal number of biopsies for correctly diagnosing early GC, we assessed diagnostic accuracy of endoscopic biopsy according to number of specimens taken from the one lesion.
Definition of GC and demographic characteristics
Preoperative histological diagnoses were based on Group Classification according to the Japanese Classification of Gastric Carcinoma (JCGC) [9] : Group 4 (neoplastic lesion that is suspected to be carcinoma) and Group 5 (carcinoma) were preoperatively diagnosed as GC. Group 1 (normal tissue or non-neoplastic lesion), Group 2 (material for which diagnosis of neoplastic or non-neoplastic lesion is difficult), and Group 3 (adenoma) were diagnosed as not GC.
Specimens postoperatively diagnosed as GC were histologically typed according to the JCGC [9] . Malignant epithelial tumors, including papillary, tubular (well and moderately differentiated), poorly differentiated (solid and non-solid type), signet-ring cell, and mucinous, were diagnosed as GC. Mixed adenocarcinoma (e. g., por2 > sig > tub2) was also diagnosed as GC.
Tumors confined to the mucosa or submucosa (irrespective of lymph node metastasis) were considered early GC. Tumor diameter was maximum size; we divided lesions into ≥ 10 mm and < 10 mm. We defined GCs < 5 mm in the longest diameter as minute gastric cancer (mGC), and those measuring 5 to 10 mm in the longest diameter as small gastric cancer (sGC). Gross types were classified as 0-I (protruding), 0-IIa (superficial elevated), 0-IIb (superficial flat), 0-IIc (superficial depressed), and 0-III (excavated), according to the JCGC [9] . These were reclassified as two groups in this study: 0-I and/or 0-IIa were considered elevated type, and the remaining types and lesions with more than 2 components except for 0-I and IIa were classified as non-elevated type. Color of the lesion was classified into reddened/same color, pale color, or uncertain. In this study, we analyzed reddened/same and pale.
All pathological diagnosis was performed by two expert pathologists, with all results double-checked.
Endoscopic system and procedure
We used a single company's endoscope, a video processor, and a light source (Olympus Co., Tokyo Japan). The NBI system became available in 2007. In our routine practice, we examined the entire stomach with conventional white-light imaging (C-WLI) to detect suspicious lesions for GC, which had irregular borders, irregular surfaces, and/or non-homogeneous color. When we detected such lesions, we performed detailed examination by chromoendoscopy and/or M-NBI. Then we performed biopsies from the cancerous mucosa.
Endoscopists
Endoscopic examinations were carried out by experts and trainees. Expert endoscopists had at least 6 years' experience in endoscopy with WLI and M-NBI. Trainees had less than 6 years' experience in endoscopy. In our hospital, trainees must perform diagnostic endoscopies and biopsies alongside experts. Therefore, all examinations were performed by experts only or by experts and trainees.
Endpoints
The primary endpoint was difference in diagnostic accuracy of endoscopic biopsy according to number of biopsy specimens taken from one lesion. Diagnostic accuracy was defined as a sensitivity of endoscopic biopsy for diagnosing GC: proportion of GC that was accurately diagnosed by endoscopic biopsy among histologically proven GC in resected specimen. When any of biopsy specimen from one lesion was cancerous, the lesion was diagnosed as GC and judged as an accurate diagnosis. On the other hand, when all biopsy specimens from one lesion were Group 1, 2, and 3, the lesion was diagnosed as non-GC and judged as an incorrect diagnosis. In patients who were received multiple preoperative endoscopies and biopsies for the same lesion in our hospital, the result of the last endoscopy was used for analysis.
Secondary endpoints were contributions of tumor diameter, gross type and surface color to diagnostic accuracy.
Statistical analysis
Continuous variables were reported as medians and percentages with 95 % confidence intervals (CIs). Categorical variables were compared using the Χ2 or Fisher's exact test when the expected values were less than five. Multivariate logistic regression analysis regarding the factors for preoperatively diagnosed as GC or not GC was performed to identify independence of clinical factors. P < 0.05 was considered significant. All statistical analyses were performed with EZR (version 1.36, Saitama Medical Center, Jichi Medical University, Saitama, Japan), which is a graphical user interface for R (The R Foundation for Statistical Computing, Vienna, Austria). More precisely, it is a modified version of R commander designed to add statistical functions frequently used in biostatistics [10] .
Results
From January 2004 to July 2016, 2528 early GCs were treated by ESD or surgery in our hospital. We excluded 1632 lesions because they were biopsied in other hospitals, and 38 lesions because we could not ascertain their pathological diagnoses for each biopsy specimen. Thus, a total of 858 lesions were analyzed (623 from ESD, 235 from surgeries; ▶ Fig. 1 ). Adenocarci-noma was the postoperative diagnosis for all lesions; highgrade adenoma was not included.
Clinicopathological characteristics of 858 lesions are summarized in ▶ Table 1 . Almost half had one biopsy, 30 % lesions had two biopsies, and 20 % had three or more biopsies. All lesions had biopsies diagnosed as Groups 2 to 5. In preoperative biopsies, 762 lesions (89 %) were Group 4 or Group 5, 75 lesions (9 %) were Group 3, and 21 lesions (2 %) were Group 2.
Diagnostic accuracy increased with number of biopsy specimens (▶ Fig. 2 ). It was 92.5 % (95 % CI: 88.6 -95.4 %) when at least two specimens were taken, which was significantly higher than in the one-biopsy group (83.9 % [95 % CI: 80.1 -87.2 %]; P = 0.0009). However, although diagnostic accuracy was 95.9 % (95 % CI: 91.7 -98.3 %) in the three or more-biopsy group, it was not significantly higher than in the two-biopsy group.
Diagnostic accuracy for both the ≥ 10 mm and < 10 mm tumor diameter subgroups also increased with number of biop-
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No biopsy specimen n = 38 ▶ Fig. 1 Flow diagram of patients enrolled in the current study.
▶ Table 1 Clinicopathological characteristics of 858 lesions according to the number of biopsy specimens. Fig. 3 ). Irrespective of tumor size, diagnostic accuracy increased over 90 % when two specimens were collected, and was significantly higher than when only one specimen was collected (< , P = 0.04), but did not significantly differ between the two-and three or more-biopsy groups.
Number of preoperative biopsies
In this connection, we also assessed the contribution of tumor diameter (≥ 5 mm vs. < 5 mm) to diagnostic accuracy. Similarly, diagnostic accuracy was significantly improved by increasing biopsy specimens from one to two (▶ Fig. 4) .
Diagnostic accuracy by gross type (including both elevated type and non-elevated type) also increased with number of biopsies (▶ Fig. 5 )significantly improved between one and two biopsies for the non-elevated type, but not for the elevated type (from about 70 % to 80 %).
Diagnostic accuracy by surface color (including both reddened/same color and pale color) tended to increase with number of biopsies, but not significantly so (▶ Fig. 6 ). In the pale color, diagnostic accuracy was from about 70 % to 80 %.
▶ Table 2 compares factors associated with preoperative histological diagnosis about GC or not GC. Univariate analysis, these factors, except for surface color: reddened/same, were significantly positively associated with preoperative diagnosis of GC. Multivariate analysis identified two factorsnumber of preoperative biopsies two or more and gross type: non-elevatedas independent significant predictors for GC.
Discussion
Our results show that diagnostic accuracy significantly increased as biopsy specimens went from one to two, but not between two and three or more biopsies. In addition to this, performing two or more biopsies was the independent significant factor for diagnosis of early GC. Therefore, the optimal number of biopsies required to diagnose early GC is apparently two. There are two possible explanations for why two biopsies are better than one. The first is that two biopsies would reduce sampling error, especially for small lesions. The second is that two specimens may raise pathologists' confidence level of diagnosing GC more than one specimen. Fig. 3 Diagnostic accuracy according to number of biopsy specimens, classified by tumor diameter (< 10 mm or ≥ 10 mm). Multiple biopsies are considered to increase diagnostic accuracy of GC. Several studies published in the 1970 s and 1980 s showed that the diagnostic accuracy for GC could reach 97.4 % to 100 % after five or more biopsies of suspected lesions [11 -14] . Guidelines based on these studies led to recommendations for eight biopsies in Germany, six in UK and six to eight biopsies in the United States to diagnose GC [15 -17] . However, these guidelines were mainly intended to diagnose advanced GC, not early GC. Although many studies concluded that antithrombotics did not increase risk of bleeding [18, 19] , biopsy can cause local fibrosis, which may make endoscopic treatment difficult. As most early GC now can be effectively treated by endoscopy [20] , this might become a major problem. Greater numbers of biopsies also increase the workloads of pathologists. Optimization of the number of biopsies for diagnosis of early GC can solve these problems. We therefore performed this study, which indicated that the optimal number of biopsies is two.
In this study, lesions that were preoperatively diagnosed as Group 2 or 3 were considered to be incorrectly diagnosed. Because this study had many more Group 3 lesions than Group 2 lesions, Group 3 was considered to have influenced our results. We often preoperatively perceive lesions to be gastric adenomas that are revealed to be well-differentiated adenocarcinomas postoperatively. In the report, which analyzed efficacy of endoscopic mucosal resection for Group 3 lesions, 37.2 % were found histopathologically to be adenocarcinoma [21] . Preoperatively distinguishing adenocarcinoma from adenoma by biopsy can be challenging. Misdiagnoses of biopsies may be caused by: (a) biopsy specimens that are taken only from the adenoma section though the lesion has both of GC and adenoma components; and (b) small biopsy samples might be inadequate for accurate diagnosis [22] . Also, some misdiagnoses may be due to inadequate biopsies which are diagnostically or technically unable to taken from within cancer. Endoscopic evaluationsincluding findings of redness, nodularity, and depression by C-WLIare reportedly useful in differentiating between adenoma and GC [23] . In recent years, combining M-NBI and C-WLI has been reported to enable more accurate differential diagnoses [4, 5, 22] . In contrast to biopsies, which are often obtained from a single point of a lesion, a major advantage of endoscopic evaluations is the ability to assess an entire lesion at once. Targeted biopsies from the area where the cancer is exposed, guided by endoscopic findings, may reduce preoperative misdiagnoses. However, biopsy samples that are too small for accurate diagnosis are a remaining problem. Although increasing the number of biopsies is one way to address this problem, comprehensive endoscopic and histopathological diagnosis would probably be a better strategy, considering the high utility of endoscopy, and the problems of biopsy (i. e., treating lesions that are strongly suspected to be GC by endoscopic evaluation, even if they are later diagnosed as Group 3 by biopsy). Progress with the technique of endoscopic resection also supports this strategy. When lesions are removed endoscopically, we can obtain a large specimen, which enables more precise histological diagnosis compared to biopsy. Therefore, we suggest that two biopsies are optimal, and that a treatment plan should be determined by comprehensive endoscopic and histopathological diagnosis.
In this study, irrespective of tumor size, diagnostic accuracy significantly increased with increasing biopsy specimens from one to two. Some studies have classified small GC lesions into mGC and sGC, and reported that such small lesions were difficult to diagnose and detect [23, 24] . Obviously, we should try to diagnose cancer accurately while it is as small as possible, because such small cancers can be cured by endoscopic surgery. Our study suggests performing two biopsies, even from mGC or sGC, for accurate diagnosis. However, two biopsies could cause separation or disappearance of very small lesions, making them difficult to detect during endoscopic resection. Therefore, these lesions should be treated as soon as possible, before scars of the biopsies disappear.
For elevated, reddened, and same or pale lesions, diagnostic accuracy did not significantly increase when we increased the number of biopsies from one to two. When limited to elevated type and pale color, diagnostic accuracy was only 70 to 80 %. This result might reflect the percentage of adenoma (elevated type: 21.2 %; non-elevated type: 4.0 %; reddened/same: 5.7 %; pale: 19.4 %). For these types of lesions, comprehensive diagnosis, including endoscopic evaluation, may be more important.
Our study has several limitations. First, as it was a retrospective study, we could calculate only sensitivity as a diagnostic performance; therefore, prospective studies are desired. Second, we could not completely exclude effect of information bias; Large lesions might be performed multiple biopsies, and small lesions might be performed one biopsy. Third, backgrounds of the three groups differed in ways that could not be adjusted by subset analyses. Fourth, the endoscopic system varied over the period of this study. Although use of M-NBI might influence the result, it was impossible to precisely extract only the lesion which was diagnosed by M-NBI. For reference, we divided the lesions into two groups with 2008 when M-NBI became stable technique, and we confirmed that there was no statistical difference of diagnostic accuracy between two groups (▶ Supplementary Fig.) .
Conclusion
In conclusion, our findings suggest that two biopsies are the optimal number needed to diagnose early GC. Comprehensive endoscopic and histopathological diagnoses are important in the clinical setting. ▶ 
